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PROBLEM TO BE SOLVED: To produce hardened parts excellent in quality characteristics by 
means of induction hardening. 

SOLUTION: A steel, having a composition consisting of, by mass, 0.5-0.75% C_j_ 0.5-1.8% 
Si, 0.4-1.5% Mrv;_ 0.019-0.05% Al, ≤0.010% P, ≤0.020% S, ≤0.0015% O, 
0.002-0.006% N, and the balance Fe with inevitable impurities, is used. A stock of this 
steel, in which the number and maximum size of oxide nonmetallic inclusions in the 
steel are &le ; 2 . 5pieces/m2 and ≤ 19μm, respectively, is forged at a temp, in the 
range between (Ac3 point-100) and (Ac3 point + 200) °C at ≥70% draft, cooled at 
(0.005 to 10) °C/s cooling rate after forging, and subjected to induction hardening and 
tempering treatment . 
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C : 0.5 -0.75%. Si : 0.5 -1.8 %. 
Mn : 0.4 —1.5 %. Al : 0.019 -0.05%. P : 0.010 % 
KIT. S : 0.020 %kO\ O : 0.0015%JJlT2l^N : 0. 
002 -0.006 %£^fTU *+Kfc»^NBg*rtEtt 
*>\ <Hia : 2.5 flS/^WT. : 19/*. JSlT<0 

«tt«OSBI3:iae : Ac3^i-100 °C- Aoj5+200 "C. 
MI$ : T0XJ2Ul. ^itf^^SB^ : 0. 005 X:/ s - 
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Is&mi 1 C : 0.5 ■ass%W±. 0.75»ass%JilT. 
Si : 0.5 kiss%£Ul. 1.8 ■ass%JilT\ 
Mn : 0.4 ■ass%tLh. 1.5 mass%WF. 
Al : 0.019 ■ass%lSLh. 0.05«ass%OT. 
P : 0.010 Bass%JilT, 

5 : 0.020 ■ass%tlT. 

O : 0.0015Mss%mT*iJ:V r N : 0.002 »ss%JJlh. 0. 

006 nss%ClT£-&3rU ^l&etsXV^imVFtii 
!B»<Dfflj£tc=3:0. *^+«>SHfcfcift#A«WrtE 10 
Wfi. fi?8& : 2.5 I!/.- 2 ib*^ X : 19//- JJl 

Ac3^-ioo rja±. Ac3^+2oo ^ctlTw&KiStJn 

SRU ^«s3^{CTJltt^:70%tUicoM8tiJrML^ 
<7)*>. 0.005 IC/sJBlh. lO-C/sJaT^BBS^gH 

[IS^^21 C : 0.5 ■ass%J3Lh. 0.75«ass%tlT\ 
Si : 0.5 ■asaXCliL. 1.8 mss%JJIT. 
Mn : 0.4 Kss%liLh. 1.5 ■assXJ&IT. 20 
Al : 0.019 ■ass%£LL. 0.05«ass%MT, 
P : 0.010 wass%VLT % 

5 : 0.020 ■ass%JaT. 

O : 0.0015wss%IMT*iJ:tfN : 0.002 -as^fcLt. 0. 

006 »ass%mT£-a-*, 

Ni : 0.1 «ss%£Lt. 1-0 mss%J31T. 

Ho : 0.05»ass%UliL. 0.50«ss%JJlT. 

Ti : 0.005 ■ass%lSLK 0.05«ass%13LTi5 it/B : 0.00 

03oass%ULh. 0.005 wissBLTfrt t>frt>MHtl& IS 

4fctt2«Ja±£*irU SS!(4Fet>J:l^ra^^*e 30 

®& : 2.5 KIT. fb*r*M X : I9v* JH 

AC3.&-100 rtLh. Ac 3 ^+200 -CJaT^ag^tcan 
SRU ^Oiag«tcTanX^:70%JJUi^Sj&^M!L/t 
<7)*>. 0.005 r/sULh. 10-C/sJJlTW^fi^L^ISffl 

] C : 0.5 ■ass%JJUi. 0.75-ass%lilT. 
Si : 0.5 ■ass%J^±. 1.8 wassXtXT . 40 
Mn : 0.4 ■ass%WJL. 1.5 ■ass%OTs 
Al : 0.019 •ass%liUb, 0.05«ass%JJlT\ 
P : 0.010 mss%1SIT. 

5 : 0.020 »ass%JaT, 

O : 0.0015«ss%UlT*>J:y r N : 0.002 «ss%£LL, 0. 

006 MasKST***. **o. 

V : 0.05«ass%ia±, 0.5 ■ass%JjlTJ3 Jrt/Nb : 0.01«a 
ss%J.;Lh» 0.5 mass%&LT<?>0*>ib>t>miftl.Z> Hit 

*>o. ^O^l^K^^^M^-^^. ® 50 



» : 2.5 B/- 2 JJIT\ S*1M X : 19xt. JSTROiH* 

Ac3j5-ioo TctLt. Ac3^+2oo rtiTw&gistcan 
0.005 r/siaub. wc/ sv.T<rtfsnmg®m 

im%m4 ] C : 0.5 ■ass%JiLh. 0.75kss%UIT. 
Si : 0.5 •ass%JJLh. 1.8 «ss%tlT, 
Mn : 0.4 ■ass%tltu 1.5 ■assXJaT* 
Al : 0.019 ■ass%JJLh. 0. 05«ass%iilT. 
P : 0.010 ■ass%ia.T. 

5 : 0.020 wass%£XT. 

O : 0.0015«ss%UTtJj:^N : 0.002 mass%&±. 0. 

006 ■ass%JilT^^. 

Ni : 0.1 ■ass%JjLh, 1-0 ■ass%£TF, 

Mo : 0.05wss%jy_t, 0. 50»ass%£rF, 

Ti : 0.005 ■ass%KUu 0. 05wss%jaTii iWB : 0.00 

03«ass%J2Lt, 0.005 ■asslUTO d t»A>^SJf ixS 1 g 

V : 0.05^ss%jyjt. 0.5 ■ass%Ja.Tt> il^Nb : 0.01m 
ss%ja±. 0.5 ■ass%OT<00t.*^Sim5 IS;**: 

flKfc : 2.5 ffl/rfOT. fbWX : Wjtz- feTF«*i 

Ac3j5-100 "CJjLh. Ac3^i+200 •cisiTeo?asiStJn 

&u ^^asis^Tanx^:7o%mi<^as*iSL^ 
0.005 t/s^ i<rc/ s vrFcvftimmmm 

imm 5 1 ®x ± 0 Ks«^-*r95%mjb 

[000 1] 

4. 

[0002] 

0.2 %ssco^sr-t-*t- &mm'£&M&m^x&3k 
-*mi-+imi-+mw t ) izx osr^^Ktsnxm. ^ 

Jt^i?ia(c»i8oo x:*^95o xymgLcois&x-mm 
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[ 0 0 0 3 ] £tz . ^tiMS^Xfl^a^i Sco*^— ^St^S^-^-i. SS*6%rS^»fk0®$ . *- 

m<?>fa±izimfttp$>-o*:. ? fee, msmMveHzft »L<t ? k-r& k cat l-cj±**>o. 5 %sjgj^Lb^t' 

^&l»i!!^Oi*eJ:01S«i^t^*^ti.^i6^ =5rfc. &t:»f>lzlzmM.&$: 

l8«*<0Si, Mn, Cr£t£$fiU Mo, Ni#£8s&irr.& £ k 

OXfxjSMiWfcJStf 6«8ll»«tflSSL. 83* [0009] Hfl^Stfa^-raK*-;*^-*-! 

[ 0 0 0 4 ] , JIS mSSaU358.T/S55Cmcomtm SOMIMtt: X . *MifcttA*L 

*ixv**#. ztit> cDmt**mm^w8 £ l -c «tfMtf6»rttHfefcttft*-&N. ai^>«j«±, .to 

mztizmmcomz. ssfcoh^^xs^^a^ ioo 1 03 owe, se95SS£ifii_ks-erS7t«>c«, 

t7t l^^/l^k't^feftS^JK^i^OB Jb£LtJ: i&tmmmZiWkt&Zk+X-X'H- 

jaMwe-ft 0 , itRfi^is^mw^^jirafcik >r MfcMmMW*£ k^2*^^s^Hftwfi«t,fi 

k'jfcoTvvt. rttt. WS<0«S^W«-r«.>rk*»'-C§ 

[0005] £*tfe^|3]jS£Ji8fc-f Sfctf>£*:k *.fcrff T fcKitftl^f^S^tttftA^EE-rS k CI <b« 

b*-L, HB^feiOtfttt^iixKiiOSWC^ S£4*5r< k t,0.0015%BlTC-r&^k* J ^-eftS 

^js^^E«9w-9->f x#±# < m$LmwuzmtztL?>ig.9} **w*-c{±;f+#-c*> 0 , mwmomtttm 

m&t>r>ti. WMX£K^&£ka i «§rc&5^k^Jlfe*>k& 
[0006] 

[^BJitfaSfcLJ: 3 k-r&HJH] ico^BB(±J^L^i [0011] ^^S^^*«#ft-rSk^ixS:&Sk L 

^^S^^WtW^L, «^>gfStro-fcxkifc«L T8^S&Ja&^fr^&^k»;U^Lfckfc9r*&#, 

T mWKLLcoSM^mi: flEfit-f £ Cl k S ®m=5r k' mMmMttt v %ta k^^ffiftfcr^-r SK^J* 
o^tc^^^»MAixSJftKOSJ§*S^gSg^-& 40 4'OSJg*>-^k^:OS5^S^imSA J ^t:l^-rs. 

[00 07] Og^*Sl^g^T-£9, *£&*0^8«?V^£ 

tfL-t&tttz. mmtzm&zix&¥i&iiSR&m*M.y i o o 1 2 ] tftf«s£fc=.fc*tff , sfsaastwi-tJ: o& . 

^->tz. ^S^V^k^'fi^TAS^kA^-oTt. $fet, 

[0008] #^tc{±, *7H&g, ^N^JE^?*J^^»S:eii* L^fe^^-g^^^ 
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5&<fz b is 0«»5ME«W»<ofcAfc:ao*«)|H«<o» 
*»f<0O*^15pp« OTKMR-Ti^fcCiOs SS 

<r>X:*>h. -^LT. agfc^S19A£- &LT<0-*MXb^ 
OS£15pp« J3lTt=®l»U^JiTWH«^*t 

[0014] SffiSWitiOieUgftUS^^ 

t & i «mJijE^S:«8lg5rfSrr S - b #b» b % 

^kfc*L«rttfii5iSr^tf>-&Si, Mo, VRWti^b'iOWi 

a*. ±mLtzoAcmmm/mnx ommttizEEM-t 
&mcr>wimm?m£®m-z> z t izx o it&mit-&h<n 

[0015] ttizwmtc&mtmm Ltzm^. mtt 

£§tt-&fcvvts. z<ntz#>wmmzm>xwm*jte 
tt-r*^. wmmz^mnsL^m-bLx^cm^ 

8tuu~ ± nmmcnmsmz zn&tzMz < m%c&u 

0.5 -0.7 %SJS-CASOTff^ttii«coa^W)^ti 

^mx-hh. ifz. wmmizsmzs.ixittuzti 
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tmmzM&LtzP?§<7>*mil&ftt>$P8 : t:R.tZL. * 

<. mn. -m^^mxtt\,zmm-rhizmzMo.5 ~~o.7 
%c h cfi^it^-s nxsmfcmzm Lxi±w&oi& 
imco^tf^mx-hz. 

[0016] mm^t LXBJzWra^ Ztlt>0)E?<?) 

^mxwmm>>m^.^fih<r>x\ m>mmujmmx- 
io imfcucrymsm'&i: i^lls *t*> < c t wwmx- 

*@tLfcts». mmttx omm^cDmmjLmztiv&m 
m&^v^ey&tttim&imfct&z t tz± o s ^ 
izmm£&cr>w0mit£~m\in±2-£o &z t 

[0017] --MlzMW<r>mim&<?>fa±lim<?>$ ?a 

®mz9mit?zztiz£*)m8.2tLZ,tf^ ±mmm 

*T'{i^)tiagJSSrAc3-100 "C- Acs +200 t« 

L^coas«-eoinx^^7o%fc u ^^t-eom^ 

20 ^BKSS^0.005 •C/sKLbt-r&ifc^'St.fflakOfit 

wmzwtox-ibh z\ t imcfrh tc^fc. 
[0018] .r <?mmiiiMi<7)%i&£ hbiztcztitih 

<DX'h^XZ<?m , £?b^-&bZ*>imT<rm f )X*>&. 
[OO1910 C:0.5 ■ass%£Lh, 0.75»ass%£l 
T. Si : 0.5 ■ass%JSLL, 1.8 ■ass%iJlT. Mn : 0.4 >a 
ss%m±., 1.5 massXOTF. Al : 0.019 ■assJgJSUL. 0. 
05»ass%UlT. P : 0.010 ■ass%]JlT. S : 0.020 «ass 
%JilT. O : 0.0015Mss%KTFti Xl/N : 0.002 aass?^ 
VXt. 0.006 ■ass%i21T£#*L. SaJiFeiJiy^pT 

&g.ft&tot>K W®. : 2.5 M/™ 2 WT. JfeW-fX: 
19 At- OT««»f^. Acs^i-100 -ClSLh. Ac3^c+20 

o *cj;iToaeafc:inl*L, -g-coiaffiSicTaio:* : 70 
XJSLhnmk*nLti*>-t». 0.005 t:/sj-xh. icrc/ 

[00201O C:0.5 ■ass%]SLb» 0.75»ass%m 
T. Si : 0.5 nssXfiUl. 1.8 ■ass%^lT> Mn : 0.4 -a 
40 ss%JjLh. 1.5 ■ass%ia.T. Al : 0.019 ■ass%JaJb. 0. 
05»ss%JaT. P : 0.010 »ass%JJlT. S : 0.020 -ass 
%I2TF\ O : 0.0015wss%13lT«J:lXN : 0.002 ■ass% 
liLh. 0.006 ■ass%WT^^, *»^>. Ni : 0. 1 Bass% 
JSUi, 1-0 ■ass%mT, Mo : 0.05BSs%tLb» 0.50mss 
%felT. Ti : 0.005 ■ass%ULh, 0.05«ss%JaTfeJ:W 
B : 0.0003«ss%JJUi. 0.005 massiilTcOd ^j&>££fcf 

igi^(±2gja_t*-ir%L, «a5j±Fei>j;tPFnr 

50 19ax« JJlTcO^«5:. Aa^[-100 -CJiUi, Ac3^C+20 



Copied from lOSASb^ on 0K/0 I //'GO S 



(5) 



^^10-17935 



7 



8 



%&±<7>S£mi:MLtzc7)*>, 0.005 r/sfeUu 10XZ/ «3£&£*:^C^<9fft#-CS> 0. iKK h t>0.5 «a 



ss%JiLh, 1.5 mass%£lT. Al : 0.019 nssXEUi. 0. SW2. j^t> if L«C-ftffifii5r|fil±$-*S^T-J>0#H^ 

05«ss%JaT, P : 0.010 wss%JjlT» S : 0.020 mss {££|6LL£-£&a\ mkCOmt7a-tX.iz£Z>mMtm 
O : 0.0015«ss%UlTfcJ:LfN : 0.002 «ass% 10 W£<?)mM&m£mEk-r&fi:iblZl±'J?%:< t fc0.5 -ass 

«±, 0.006 «ss%JaTS-^. V : 0.05-ass% %V±tt2it&^ t iMatC* ***l-8 ■ass%£i@;S. 

0.5 -ass%tlTfcJ:U r Nb : 0.01-ass%UUt, 0.5 T^T$-£& £ 7x ^4 hO@$g«ftC,J: OSS^JJ^ 

L. ^Wefcit^F5I«W^*fi!»*lcofflfi£t=5:0, A» «ss%kLh. 1.8 ■3ss%JilTfc iO«FiL^I6 

* <rm*<m.\mm^mitwtoifi . mc. •. 2.5 <a hwo.w.o .ass%-cj,£.. 

/n 2 tlT, &*T*MX : 19>u« tlT<7)ISf*£. Acs j£ I O 0 2 6 ] Mn : 0.4 — 1.5 ■ass% 

-loo -ciajb. Ara/5+200 rjin^ia^tan^u Mnt±. stuxtt^isjjhs^ ^mmixirmcrmtmz 

o. 005 -C/ s j^jl . ktc/ s OTo^aiarj^ffl-c^ai **«jw>. 4 ■ass%*SfC»±-e^S&m{=^ L < . 1 - 5 % 

[0022]® C : 0.5 ■nXUJb. 0.75«ss%Ja Rt^SifcK^l&S-fiTS-frS. LfctfoT. 

T> Si : 0.5 nssX&Lh. 1.8 ■sssUSklT. Mn : 0.4 « Sti0.4 ■ass%£Lt. 1.5 ■ass%£lTi: -r£>a»\ <fc 0» 

ss%tLh. 1-5 MaWF, Al : 0.019 «ss%JJLh. 0. S LV^eHte0.7 -1.3 wassXX'&h. 

05»3SsWT. P : 0.010 ■ass%J2fT\ S : 0.020 bss [ O 0 2 7 ] Al : 0.019 —0.050 wss% 

O : 0.0015-ass%JaT*iJ:lXN : 0.002 -ass% Al{±, mmiZ^^^fCh ^tmitcOtztblZ^mT 

JiLh, 0.006 «ass%JilT^-ir^. Ni : 0.1 »ass% $>hth hlz^ Ni:*£-£LTAIN Z&tfLLZtUfgiffim 

ISLh. 1.0 -assI^T. Mo : 0.05-ass%liLt. 0.50mss HlgfcfS^-^-M \-%L<r)&&i:Wm-tZ>Z.ttz£ *) 

%aT. Ti : 0.005 wasX&Lk^ 0.05Bass%l»:lTii it/ mmm&Vl!&mJ&Zfo±Z^Z<?>Tmmmtzmirt 
B : 0.0003-333%]^. 0.005 wbss&T^O fc*»6»f 30 #WftW)-019 «ss%5ftSfr«-eiOS»*^ L 

ix«.lg*^42aeUii:V :0.05«ss%J^. 0.5 -a <. 0. 05.333% £j@*.Ta&8nLT *> *-<D$!H&#fi&ffrf 

ss%iaTt>J:tm : 0.01hss%J3±. 0.5 ■asaXETFa 5. Lttf-Jt. -eO^fiJiO. 019 ■ass%iaJi. 0.05 

5%*»tStfir& I8*fcti2gi:£-£*U SSW±Fe 0 ■ass^iaTfc-TS. 

fcil^nefltpPtCtocoffl^t^rO . i>o, ^am^cr> [0028] P : 0.01«ss%£lT 

m.fctomP®giftWto&. flSf* : 2.5 lB/-*iaT. & PJi. t-Xft^ hWKJHcflWrU &SKiEJg£ffiT 

:*r»M X : 19w. UCrcrMttZ. Acs^-lOO -CULh. ^-frS^fctcJ: 0l&7cStjS^fiT$-l*-&JfA»0-r=3:< , 

Ac3j£+200 TZ&.Tco&g&lztigaL. ^WflJS^tT RWW«W*ttfc*fl:$**<0-CT**«»tiJ«flr<-*-* 

Hal* : 70%tLt<OJS5££iSL*;<9*>. 0.005 X:/stl d ttm* b< . -?-c7)^i(40.01»ass%^-CffS3^. 

±. iox:/ s aTcrmmmsmsTi^m l. *<m.^ s ^. . 

Sft^Ait^^MLiaa^Mrt- k ^^f®fc-r^lgS«E 40 [ 0 0 2 9 ] S : 0.020 -333%^ 

fiLUx&s&mgjim (m^ftw) . st±. Mns zbrl. ztus^ma&^m^t^&zt 

[0023]© m&t)\ osmm^m-v^xa izx *)m^^m^&T^m\ m^wns itmn&z 

±.cr>EEm(a:ZMZ1vfchcOTt>ZZt£ftmk^-Z>m r6l±^-tf--5fi£di-T't>*S<7)TD.020 ■3ss%^T'-^^-fr 

5%Bfl) . [ 0 0 3 0 ] O : 0.0015«ss%tlT 

[0024] oj±. 4 l < . i$&mfrtmc?>m.ii itx-^- 

[5H8<7)§e»tfO}gS] -^BHSrlQt^SlCJbTt^r^ -f XSrBgmiTtcSJt^-SJtfttciir^S-^^gHt 

a*krov^T^-r. a*. -co7ta6^^^raio.ooi5«ass%OTfc-^a. 

C :0.5 ~-0.75wss% 50 [0031] N : 0.002 —0.006 Bass% 



[002 1] 3) C : 0.5 ■ass%tLt. 0.75B3Ss%tl 
T. Si : 0.5 ■ass%JJLh. 1.8 ■ass%J2TF. Hn : 0.4 » 



■ass%JJlt. 0.75wss%lilTfc^S. 
[002 5] Si : 0.5 —1.8 .333% 
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^-^ft'f Y*L0>&L3ki:>imt?>Z fc KJ: OS^B 
^jSA*0.002 «ss%*SfT-<±^c7)^Avh$<, 0.00 

T» ^<^-J5-Wi<±0-002 ■ass%JjLh, 0.006 massXlilT 
fcf&. 

[00321 imco&im&coi&iz^eo^mtzts^r 

ftfttLxm. mo, ii&j:VBiMm?.im-itisXtt 
mtzzttfX'Zz. ztit, <?>ftmimTcm o x- & 
s. 

[0 0 3 3] Ni : 0.1 —1.0 »ass% 

^x-bh<n*x-%<mm&*i!m-tzfmx'bh<r> 
x\ m*fr&zmmtzi%&£w*mzgmm<7>&m 

T\ *-o&3r&fctt>. 1 -ass^axh. l.O «ss%JUT* J J: 
<. <fc 9*F* L^KHfi. 0.6 —0.9 wass%-Z'$>&. 
[0 0 34] Mo: 0.05-0. 50»ss% 

Moti, mMi^^^maLco^LUz^m^m^x-h 

0, &Aixtt£P^&*W>CfH^£.rfc?){JjK 

h<?mimmizmL^&mz&(zL. v 

jWHR3ii<:'t-?-f >*#*U extern. SJcffJtt^ 
lrL<|fiJ±?-fr*. ^fc'L4fc<ftgft£|6jJiS-£ 

ss%*gf T-ti-eoS&mtC^ L < , 0. 50-ass% £• jg*. 6 fc 

■C. ^O^W*{±0.05-ass%J^Ui, 0.50«ass%J^Ta i J; 

10if^L<{±0.10-0.30^%«OMH-CS)&. 
[ 0 O 3 5 ] Ti : 0.005 — 0.05»ss% 
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